Background: Bone defect healing in orthopedic surgery is a huge challenge. Nowadays, scaffolds are frequently used for tissue regeneration and engineering. One of these scaffolds, hydroxyapatite, is the most important inorganic material in bone, and a good option for promoting healing of bone defects. Honey has long been used for various wound healing with beneficial outcomes in the healing process. However, limited studies have addressed its use in repairing hard tissue lesions. Objectives: The aim of this study was to evaluate the effects of honey and hydroxyapatite on the restoration of bone defect in rats. Methods: In this study, 15 adult male rats weighing 200 to 300 grams were used. Rats were randomly assigned to three groups. A segment of the radius bone twice the size of the radius bone width was removed. In the first group (N = 5), the induced defect in the right hand was replaced with autograft bone using the same piece of bone, while the left hand remained empty without any implantation. In the second group (N = 5), defect in the right hand was filled with 0.5 g of honey and in the left hand with honey and autograft bone. In the third group (N = 5), defects in the right hand were filled with granules of hydroxyapatite and those in the left hand with 0.5 g combination of granules and honey. Radiographs in rats were taken at weeks two, four, six, and eight after surgery and bone biopsy for histopathological study was performed at week eight. Results: Radiographs and tissue samples were statistically analyzed in terms of bone formation, union and remodeling. Analyses showed that in the second week, honey-autograft was significantly better than the other groups (P < 0.05). The honey-alone treated group at all times was weaker than others. Histopathological investigations revealed that the hydroxyapatite-alone group was significantly different from hydroxyapatite-honey, autograft, honey, and negative control counterparts in terms of bone marrow formation (P < 0.05). Conclusions: Overall, this study showed that honey and hydroxyapatite alone is not effective in repairing bone defect yet in combination they function more effectively.
Background
Large bone defect healing is a huge challenge in orthopedic surgery. Existing options, include vascular bone autograft, avascular bone autograft bio-ceramics, and alternative commercial autograft (1) . Accelerating bone defect healing is helpful for fracture management, non-union cases, osteomyelitis, limb bone lengthening, and removal of bone tumors, arthrodesis, and joint prosthesis. Nowadays, different methods, such as low intensity pulsed ultrasound and electrical stimulation are used to enhance healing; however, bone graft remains the oldest for the same purposes, i.e. accelerating healing process (2) . Bone autograft still serves as the gold standard with factors stimulating bone formation. It contains both healing substances as well as cells which do not provoke immune responses and lead to transmission of infectious diseases (3) . Nevertheless, autograft has its own biological and biomechanical limitation (4) . Therefore, use of osteoinductive and osteoconductive materials in combination is more favored (3, 5) .
Hydroxyapatite, a biocompatible and osteoconductive material with porous structure, is like human bone and used in fracture repair (6) . Composition and structure of hydroxyapatite is very similar to that of natural bone and is commonly used in tissue engineering scaffold, mainly for its osteoconductive and osteoinductive properties (7) . Honey is able to facilitate wound healing processes by stimulating epithelialization, improving angiogenesis, facilitating wound contraction, and increasing collagen synthe-sis (8, 9) .
The present study aimed at investigating the effects of honey and hydroxyapatite on bone formation and healing in rats. Radiography and histopathology are used to evaluate and compare the healing processes.
Methods
In this study, 15 adult male Wistar rats, weighing 200 to 300 g, were used. They were all kept in the same condition in a temperature and humidity controlled room with 12-hour cycles of light and darkness. The rats were fed with the same standard food for four weeks prior to surgeries. Industrial hydroxyapatite with ReproBone brand was purchased from the Tebestan company, Tehran, Iran. Natural honey containing no sugar or antibiotic was prepared by local natural honey producers. The university ethics committee approved the design of the study, living conditions, surgeries, and postoperative care provided to the rats.
Surgery
Initially, the rats were anesthetized with Ketamin 30 mg/kg and xylazine 0.2 mg /kg i.m, then, both hands were shaved and prepared aseptically for surgery. Skin incision was made on anterior-medial surface of the radius bone and the bone became exposed upon replacing the soft tissues and muscles. A segment of bone the size of double width (about 4 mm) was removed and implantation was done as follows:
Group 1: the caused defect in the right hand in a group of five rats was filled with the same removed bone (autograft) while the left hand remained unchanged (Figure 1 ).
Group 2: in another five-rat group, the defect in the right hand was filled with 0.5 mg of honey and the left hand with bone and honey.
Group 3: in the last group of five rats, the defect in the right hand was filled with hydroxyapatite granule and the left hand with 0.5 mg honey and hydroxyapatite combination.
After the completion of procedures, the muscles and skins were sutured subcutaneously using 00 vicryl thread. Upon regaining consciousness, the rats were left in the cage without external fixation. All the rats received penicillin 40,000 IU and streptomycin 12 mg/kg i.m once a day for two days following the surgeries.
Clinical Evaluation
The rats were observed on a daily basis and their use of hands and weight bearing were evaluated. In addition, any topical lesion, inflammation or lack of healing were carefully watched and examined.
Radiographic Evaluation
Lateral view radiographs of the hands on postoperative days 14, 28, 42, and 56 were prepared. X-Ray source was about 70-cm away from the film and radiography apparatus was adjusted on 45 kv and 20 mA per second. For assessment and grading of the radiographs, the researchers used modified Lane and Sandhu scoring ( Table 1) . Bone formation occupying %100 of defect 4
Union (proximal, superior, distal/inferior)
Non union 0
Possible union 1
Radiographic/full union 2
Re-modelling
No evidence of remodeling 0
Poor/weak remodeling 1
Full re-modelling 2
Histopathological Evaluation
For histopathological evaluation, at the end of week five after surgery, all rats were sacrificed and samples were collected from the graft sites. The samples were placed in 10% formalin and sent to the lab. They were fixed in formalin with ten days in 10% organic acid (carbonic acid) for decalcification. The samples were then washed with water and processed in autotechnicon. Microscopic slide preparation procedures were as follows: The tissue samples were treated/passed in alcohol of varying concentrations. In doing so, they were initially placed in 70% and 80% alcohol for one hour. Then, they were placed in three containers of 95% alcohol, two hours in the first container, and one hour in the other two containers. Finally, the researchers repeated the same second stage except that they used 100% alcohol. In the clearing stage, the samples were placed in Xylol solution for 45 minutes in duplicates.
In the paraffinization stage, the samples were initially placed in liquid paraffin for two hours to separate Xylol from the samples. To let the paraffin penetrate in pores, they were placed in paraffin for three hours. In the casting stage, the samples were placed in metal cubes filled with liquid paraffin, which was allowed to freeze at room temperature. Finally, the samples were removed from the cubes and stored in a refrigerator.
Microtome was set to cut five-micron tissue sections and tissues were cut. Then, the sections were placed in 45°C water bath to remove the wrinkles. Plates/Lamels were gently entered in the water at 45-degree angle to remove the sections and place them on the slides. The samples were then transferred to an incubator to allow the remaining paraffin to melt and let the tissue stick to the slide. Upon placing the sections on the slides, staining was done using Hematoxylin and Eosin method as follows:
The slides were sequentially placed in Xylol solution for 10 minutes, 100% alcohol for one minute, 95% alcohol for one minute, hematoxylin for eight to ten minutes, distilled water for one minute, alcohol acid a few seconds, distilled water a few minutes, eosin 30 seconds, and following staining, the lamels were attached to the slides using Entellan adhesives. The slides were finally examined under the light microscope and Heiple grading scale was used for the assessment and grading of the slides (Table 2) .
Statistical Analysis
Data were analyzed using the SPSS software. The obtained results were initially analyzed by Kruskal Wallis non parametric Analysis of Variance (ANOVA). In case P value was less than 0.05, Mann Whitney test was done as well. P < 0.05 was considered statistically significant.
Results

Clinical Findings
All the rats slowly regained consciousness after surgery with swelling and inflammation observed at the surgery site. There was no mortality throughout the study. Four to seven days after surgery, the rats could bear their weights on the operated hands and no sign of local inflammation or infection was evident.
Radiographic Results Analysis
Significant differences in terms of radiographic criteria were observed among the groups in the second week (Table 3 and Figure 2 ). On day 14 (second week), honeyautograft group exhibited significant differences, compared to other groups (P < 0.05) and found to be the best, whereas on the same day, the honey-alone group was significantly different from others and had the poorest results (P < 0.05). Analysis of the data also revealed that on day 28 (fourth week), the honey-alone group was significantly different from others and with poorest results (Table 3 and Figure 3 ) (P < 0.05). On the same day, (i.e. day 28), the hydroxyapatite group exhibited significantly poorer results, compared to autograft, honey-autograft, and honey-hydroxyapatite groups (P < 0.05).
On day 42 (sixth week), the negative controls and honey-alone groups showed significantly poorer results, compared to autograft, honey-autograft, and honeyhydroxyapatite groups (Table 3 and Figure 4 ). On the same day, the hydroxyapatite group functioned significantly differently with poorer results, compared to autograft, honey-autograft, and honey hydroxyapatite groups.
Trauma Mon. 2018; 23(4):e56119. On day 56 (8th week) the negative control and honey alone groups were significantly different from autograft, honey-autograft, and honey-hydroxyapatite groups, and exhibited poorer results. Overall, the honey-alone group was found to be poorer at all times, compared to other participating groups (Table 3 and Figure 5 ). 
Histopathological Results
In this study, no acute or chronic inflammatory reaction was observed in any of the groups after eight weeks. mation, and connection/joint/union was observed among the groups. However, the hydroxyapatite group was significantly different from hydroxyapatite-honey, autograft, honey, and negative control groups in bone marrow formation, and had poorer results (Table 4 and Figure 6 ).
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Discussion
Bone defects and abnormalities are among the most common diseases worldwide. Conventional and traditional treatments using bone alternatives, in most cases induce the formation of fibrous tissue at the repair site instead of bone formation, in which case, there is a need for Trauma Mon. 2018; 23(4):e56119. Figure 6 . A, Dense cancellous bone formation of at the fracture site along with the formation of bone marrow tract in less than a quarter of the defected site in the control group; B, union in fracture, and formation of dense cancellous bone along with the formation of bone marrow tract in more than half area of fracture site, in the autograft group; C, union in fracture, and formation of dense cancellous bone along with the formation of bone marrow tract in more than half area of fracture site, in the autografthoney group; D, formation of dense cancellous bone along with the formation of bone marrow tract in less than half area of fracture site, in the hydroxyapatite group; E, proper formation of cortical bone along with the full formation of the middle tibial tract and filling with red bone marrow in the hydroxyapatite -honey group (X10, H&E).
supplementary treatments. Among the methods of healing bone defects, tissue engineering has proved to be more efficient than other treatments, such as bone graft and use of artificial materials. Scaffolds used in tissue engineering should be biocompatible and provide adequate space for the growth of both bone cells and blood vessels (10) .
In this study, hydroxyapatite and honey scaffold was used to enhance the process of bone formation. Hydrox-
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Union (Proximal and Distal Evaluated Separately)
No evidence of union 0
Fibrous union 1
Osteochondral union 2
Bone union 3
Complete organization of shaft Cancellous bone 4
No osseous cellular activity 0
Early apposition of new bone 1
Active apposition of new bone 2
Reorganizing cancellous bone 3
Completely reorganization cancellous bone 4
Cortical bone
Non 0
Early appearance 1
Formation under way 2
Mostly reorganized 3
Completely formed 4
Marrow
None in resected area 0
Beginning to appear 1
Present in more than half of the defect 2
Complete colonization by red marrow 3
Mature fatty marrow 4
Total points possible per category
Proximal union 4
Distal union 4
Cancellous bone 4
Cortex 4
Marrow 4
Maximum score 20 yapatite is one of the compounds used very frequently in tissue engineering. It has a composition very close to that of bone mineral and high biocompatibility. However, it is fragile with slow degradation in the body. Honey has long been used in various wound healing and has shown beneficial results in the healing process (8, 9) .
In the present study, honey alone did not did not cause any significant difference in bone tissue repair and formation, and acted even poorer compared to other groups. There have been limited reports on the application of honey in the treatment of bone tissue diseases and most studies have addressed its effects on wound healing. However, in the second week, the autograft-honey group appeared better than others, possibly due to the positive effects of honey on wound healing process (8) .
In 1997, Kadyala et al. showed that combination of mesenchymal stem cells and porous ceramic scaffold can be helpful in healing and reconstruction of segmental defects in rat femurs (11) . Their findings also demonstrated that after eight weeks, a significant formation of bone tissue was evident, compared to the scaffold-only group (12) . Besides, bone formation was observed in the space between the implant and wall of damaged bone, with new bone formed throughout the damaged area (12) . The same findings were reported by Bruder et al. on dogs (12) . In another research study on sheep, Petite et al. used calcium carbonate ceramic scaffold made from coral to treat the defect in the hip bone. Their study included three groups: scaffold with fresh bone marrow, scaffold with mesenchymal stem cells, and scaffold only. The results showed that after 16 weeks, no noticeable reconstruction occurred in the scaffold only and scaffold with bone marrow groups. In contrast, in the group with mesenchymal stem cells, new bone formation and integration between implant structure and bone defect wall was evident, however, the reconstructed bone was not identical to normal animal tissue (13) . Quantro et al. used potent stem cells isolated from bone marrow with hydroxyapatite scaffold. Two months after surgery, examinations and especially CT scan revealed remarkable side cancellous bone formation and proper integration between the implant and bone defect wall. According to this study, there was a significant improvement in bone defect healing, compared to the traditional/conventional methods (14) .
In the present study, the hydroxyapatite-treated group was not better than others. Since hydroxyapatite is degraded very slowly and over a long duration, it can fully prevent bone healing (15) , which could be the reason for poor function of the hydroxyapatite group. Although no significant difference was observed between honey and hydroxyapatite groups, the wound healing property of honey probably caused the respective group to function better than hydroxyapatite alone counterpart (8) .
To evaluate the results of surgeries and bone tissue formation, staining-based histopathological methods are commonly used. The most important parameters in such methods include evaluation of tissue integrity at two ends of the defect, new bone formation in the damaged area, rate of bone absorption by the implanted scaffolds, changes in bone marrow, and reconstruction of the superior layers. Such evaluations can help obtain valuable data regarding bone healing and regeneration.
In the present study, histological analysis in the eight weeks following the surgeries revealed no significant difTrauma Mon. 2018; 23(4):e56119. 9 
